We present the results of initial spectrographic followup with the Very Large Telescope (UT3, Melipal) for K s ≥ 14 Galactic plane C iv emission-line candidates in the near-infrared (NIR). These 7 faint stars all display prominent He i and C iv emission lines characteristic of a carbonrich Wolf-Rayet star. They have NIR colours which are much too blue to be those of distant, classical WR stars. The magnitudes and colours are compatible with those expected for central stars of planetary nebulae, and are likely to come from massive progenitor populations, and themselves be more massive than any sample of planetary nebulae known. Our survey has identified thousands of such candidates.
INTRODUCTION
The Galactic plane, shrouded in dust, remains a difficult region of the sky to probe. While optical surveys are limited to distances of a few kpc, exploration of the Milky Way in the near-infrared (NIR) range suffers much less from dust extinction. As the number of high-quality, ground-based NIR instruments grows, so too does our ability to probe the most distant reaches of the Galaxy. Planetary nebulae (PNe) have strong emission lines in the K s -band NIR spectrum, most notably He i (2.058 µm) and the H i-Br-γ doublet (2.166 µm) (Likkel et al. 2006) , and are often identified during WolfRayet (WR) surveys cf. Shara et al. 2012; Kanarek et al. 2015 . The central stars of planetary nebulae (CSPNe) are far more rarely identified in continuum surveys due to their intrinsic faintness. Galactic plane CSPNe are heavily reddened, so narrowband NIR surveys are essential to find large samples.
Of the currently ∼ 500 Galactic CSPNe with spectroscopic classification (Weidmann & Gamen 2011) , approximately 30 per cent are H-poor, with ∼ 22 per cent displaying WR-like emission lines. These have been named [WR] s, the notation first introduced in van der Hucht et al. (1981) . The great majority are carbon-dominated [WC] s showing strong carbon emission, with the first [WN] recently confirmed in Miszalski et al. (2012) . The hydrogen deficiency and carbon-richness of these [WR] CSPN ⋆ E-mail: gray@astro.columbia.edu (GK) spectra is likely due to dredge-up from a late-stage thermal pulse (Werner & Herwig 2006) . Nebulae associated with earlytype [WC] stars are typically more evolved than those of late-type [WC] s, implying an evolutionary sequence from late to early type (Peña et al. 2001) ; this is in contrast to classical WR stars, which show no obvious intra-type evolution (Crowther 2007 ).
In Shara et al. (2009, Paper I) , Shara et al. (2012, Paper II) , and Kanarek et al. (2015, Paper III) , we presented results from a large-area Galactic plane survey in the K s -band, searching for emission-line objects in crowded fields. While our prime targets are new and distant classical WR stars, we also find planetary nebulae and other hot stars. The majority of candidates from this survey are at 14 ≤ K s ≤ 15, and have not yet undergone spectroscopy, as they require significant time on large telescopes equipped with sensitive NIR spectrographs.
In this paper we present, as a proof of concept, our first results from followup spectroscopy of very faint, K s -band C iv emissionline targets, using the Melipal (UT3) telescope, part of the Very Large Telescope (VLT) at Paranal. This proof of concept survey has led to the identification of 7 likely [WC]s. In sections 2.1, 2.2, and 2.3, we discuss the candidate selection, observations, and data reduction, with the results presented in section 3, and a discussion of the new [WC]s in context in section 4. We summarize our conclusions in section 5. . Narrowband colour-colour plot, using emission-line filters in the NIR. WCs separate out clearly, and the 7 new objects presented in this paper (coloured purple in the figure) are consistent with objects which have C iv emission lines. "Other" objects (coloured black) are a mix of red supergiants and young stellar objects with weak Br-γ emission, and some non-emitting red giants.
DATA COLLECTION
The survey first described in Paper I consists of infrared imaging observations carried out on the SMARTS 1.5m telescope at the Cerro Tololo Inter-American Observatory (CTIO) over 200 nights in [2005] [2006] . The survey involved images taken through 4 narrowband (NB) filters, centered on four of the most prominent emission lines in the K-band WR spectrum (Figer et al. 1997) , as well as two continuum filters in the same band, with the purpose of identifying WR candidates for spectrographic confirmation. The survey covered 300 deg 2 of the Galactic plane, from −90 • ≤ l ≤ +60 • and b ± 1 • . Using the images from this survey, in Paper I; Paper II; Paper III, as well as Faherty et al. (2014) , we have discovered ∼ 25% of the currently-known Galactic WR population.
Candidate Selection
When reducing the images for this survey, we calculated magnitudes for every object imaged in each NB filter using idldaophot's aper aperture photometry routines, and then scaled the magnitudes from each NB image to match the 2MASS K s filter (Skrutskie et al. 2006) , for those objects which had analogues in the 2MASS point-source catalogue. Figure 1 shows a NB colour-colour plot for spectrographically-characterized emission-line objects of various types (primarily WR stars and PNe).
Since our goal is to isolate [WC] stars, we chose candidates that simultaneously display CIV emission, and are too faint and blue to be classical WR stars in a K s versus J − K s colourmagnitude diagram (see Figure 2 ). The C iv emission-line condition is fulfilled by imposing the constraints C iv−Br-γ ≤ −0. ter constraint excludes classical WR stars, and places our candidates solidly in the regime of known CSPNe and literature [WC] and [WO] stars. The seven objects presented in this paper are ∼ 2 magnitudes fainter than the classical WR stars of similar colour, indicating much less extinction, and therefore much lower luminosities, than one would observe in classical WR stars at the same magnitude.
Observations
Spectrographic confirmation of our faint emission candidates requires an 8-meter-class telescope equipped with an IR spectrograph. In the summer of 2013, we observed 7 strong emission-line candidates, selected to be likely [WC] stars, with the Infrared Spectrometer And Array Camera (ISAAC Moorwood et al. 1998 ) on the VLT. We used the instrument in SWS1-MR mode, with a 0.6 arcsec slit, for a resolution of R = 4400 over the range 2.049-2.175 µm. Each target was observed for 240 seconds per dither, with at least 6 dithers for each star. Finder charts for these candidates are shown in the appendix, Figure A1 .
Reduction
The raw data were reduced via a python script, making use of the python-cpl 1 package to interface with the ESO Common Pipeline Library (CPL). Each object was processed with the isaac_spc_flat, isaac_spc_arc, isaac_spc_startrace, and isaac_spc_jitter recipes from the CPL. Then, a smoothing algorithm, which increases the smoothing length in areas of high noise (which has the effect of While the S/N of each spectrum is modest, it is sufficient to see the strong emission features at 2.059 µm (He i) and 2.08 µm (C iv). The "absorption" at 2.124 µm in spectrum 0583-114B is an instrumental artifact.
preferentially smoothing noise more than signal), was applied to improve the spectrum quality.
RESULTS
All 7 observed candidates displayed line emission, notably the 2.059 µm He i line in each spectrum. Five of the spectra display the 2.081 µm C iv line and the C iii line at 2.122 µm. The individual spectra are shown in Figure 3 , and a coadded composite spectrum of all 7 objects is included in Figure 4 . Coordinates and 2MASS magnitudes for these objects are listed in Table 1 .
We have already noted above that objects which have very strong C iv emission and are very blue (J − K s < 2) can be classical WR stars only if K s < 12 − 13. The seven candidate stars chosen for this study are ∼ 1.5 − 2 magnitudes fainter. These seven objects fall squarely in the region of the CMD occupied exclusively by PNe. Classical WR stars are far too luminous to be as faint in K-band as these seven candidates for the J − K s colours we observe. To demonstrate this further, in Figure 5 we show plots of distance vs K s and J − K s for classical WR stars in clusters. We then extrapolate a distance for the seven objects presented here based on a simple linear fit in each case. The two sets of distances display a severe mismatch, clear evidence that these objects cannot be classical WR stars.
One might expect a CSPNe spectrum to show a strong nebular 2.162 µm Br-γ line, but in [WC] Figure 7 of Bilíková et al. (2012) , from observations with NIRI on Gemini. These spectra are newly reduced for this paper, using the gemini.niri package in iraf. The [WC] spectra display very little Br-γ emission at 2.16 µm.
nonexistent. Figure 6 shows K-band spectra of three [WC]s from Bilíková et al. (2012, fig. 7 ). Only one of the [WC]s contains a significant Br-γ lines, and it is weak compared to the strong WR lines. Could these 7 objects instead be very hot O stars? The answer is no, as is made abundantly clear by the K-band spectra of hot O stars in Hanson et al. (2005) . For those stars, in every case the 2.112 µm He i/N iii doublet is stronger and/or broader than the 2.081 C iv line, either in emission or absorption, while in the 7 objects presented here, this 2.112 µm line is either extremely weak or entirely absent. Figure 7 shows that these 7 [WC]s are among the faintest [WR] stars ever identified. They also are drawn from a survey of the Galactic plane, a region heavily undersampled by the existing CSPNe literature, as shown in Figure 8 . These observations confirm the hypothesis that the given selection criteria can reliably select [WC] stars, even in crowded fields in the Galactic plane.
The ionization potentials of C iv, He i, and He ii are ≈ 64.5, 24.5, and 54.4 eV respectively, corresponding to minimum source temperatures of 64, 25, and 54 kK respectively (Kramida et al. 2014) . The presence of C iv lines in the 7 spectra shown here implies a stellar temperature of > ∼ 65 kK, but not much greater due to the lack of strong He ii (see also Keller et al. 2011, figs. 5-8) .
Other [WC]s from this survey
One object originally identified as a [WC] (1626-4FC8 in Paper III) lies in the faint, blue region of Figure 2 , as does object 1023-63L from Paper II which was originally classified as a WC7:. In light of the 7 new objects we describe in this paper, we maintain that 1023-63L should be re-classified as a [WC7:]. These two [WC] s are included in Table 1 , and their spectra in Figure 9 . 
MASSIVE CSPNE
Analyses in Weidmann & Gamen (2011, see Figure 1) show that H-poor CSPNe (including [WR] stars) cluster more strongly toward the Galactic plane than H-rich CSPNe. Figure 10 shows the distribution in Galactic latitude of [WR] stars, overlaid on a progression of stars from Hipparcos (Perryman et al. 1997 ), Gliese (Gliese & Jahreiss 1995) , and Yale BSC (Hoffleit & Warren 1995) (Perryman et al. 1997 ), Gliese (Gliese & Jahreiss 1995) , and Yale BSC (Hoffleit & Warren 1995). poor CSPNe evolve from more massive progenitor stars than H-rich PNe (Weidmann & Gamen 2011) .
However, Figure 10 also [WR] stars must be carried out, to constrain the properties of this evolutionary stage between the post-AGB phase and the white dwarf (WD) phase. The presence (or absence) and relative strengths of He i, He ii, C iii, and C iv emission lines in such spectra can be used to gauge the temperature of this pre-WD population, and provide insight into the high-mass end of the Initial-Final Mass Relation (Kalirai et al. 2008) .
CONCLUSIONS
The 7 emission-line objects presented here were selected to be nearby, faint [WC] s. The 100 per cent success rate of our minisurvey for these objects shows that the narrowband color criteria of this Galactic Plane survey are powerful tools for identifying [WC] CSPNe, in addition to the already-proven success for finding classical WR stars and less-exotic PNe. There are thousands more candidates, similar to the seven we have described here, in our survey catalogs, awaiting spectrographic follow-up. Spectrographic follow-up of these candidates will result in hundreds of confirmed [WC] stars in the Galactic plane, from which rigorous statistical analysis of these very interesting objects will be made possible. 
